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Abstract 
Three species of Late Jurassic four圃segmentednassellarians are described from the N aradani 
Formation in the Sakawa area, Shikoku, Japan. They are Stichocapsa naradaniens£s n. sp., Sti-
chocapsa robusta n. sp. and Cyrtocapsa sp. A. Stichocapsa naradaniensis n. sp. is the nominal species 
of Gongylothorax sakawaensis-Stichocapsa naradaniensis Assemblage from Southwest Japan. The 
age of this assemblage is most pcobably assigned to early half of La1te Jurassic, as suggested by 
YAO, MA'ISUOKA and NAKATANI (1982). 
Introduction 
Since YAO et al. (1980) proposed two Jurassic assemblages, Parahsuum simplum 
Assemblage (revised by YAO, 1982) and Unuma echinatus Assemblage, from the so-called 
Paleozoic strata of Southwest Japan, many Jurassic radiolarian assemblages have been 
proposed by several investigators (cf. NAKASEKO et al., 1983). We set up eight assemblages 
through Jurassic age (YAO et al., 1982). Stratigraphic relationship among these assem-
blages was partly clarified through the studies made on continuous sequences (YAO et 
al., 1982; MATSUOKA, 1982b). Concerning Middle and Upper Jurassic sequences, radio四
larian zones defined by biohorizons reflecting evolutionary lineages were established 
(MATSUOKA, 1983). Paleontologic description of radiolarian species composing these 
assemblages has been in progress. 
ln this paper, three species of Late Jurassic four-segmented nassellarians are des圃
cribed from argillaceous rocks of the Naradani Formation in the Southern subbelt of 
the Chichibu Belt in the Sakawa area, Shikoku. One of them is the nominal species of 
certain Late Jurassic radiolarian assemblage from Southwest Japan as will be discussed 
later in this paper. 
Geologic Setting 
Geologic outline of the Southern subbelt of the Chichibu Belt in the Sakawa area 
(Fig. 1) is given in MATSUOKA (1982a). Details of the geology of this area will be re-
ported elsewhere (Ml¥TSUOKA, in prep.). The Southern subbelt of the Chichibu Belt in 
this area is composed of the Togano Group (Middle Triassic-Late Jurぉsic),the N aradani 
Formation (Late Jurassic), the Torinosu Group (late Late Jurassicー？ Early Cretaceous), 
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Fig. 1. Index map of the Sakawa area (1a) and geological sketch map of southwestern part of the 
Sakawa area showing sampling locality (D1-32) (1 b ). 1. Togano Group (coarse clastics 
layer) 2. Togano Group (chert, bedded siliceous claystone and siliceeus mudstone layers) 
3. Naradani Formation 4. Torinosu Group 5. Limestone 6. Chert block within Naradani 
Formation 7. Fault. 
the Yamanokami Formation (Early Cretaceous) and the Bandagamori Formation (Late 
Jurassic-). In the mapped area (Fig. lb), the Togano, Group, the Naradani Formation 
and the Torinosu Group are distributed. The samples treated in this paper came from 
the Naradani Formation. The Naradani Formation consists mainly of mudstone, sili圃
ceous mudstone and acidic tuff associated with sandstone and contains Triassic chert and 
Jurassic limestone as blocks. The locality, D圃32,where the sample was collected, is the 
type locality of the s,pecies described in this paper. 
Paleontological Note 
Material studied: The sample locality (D・32)is along a road cutting parallel to the 
upper stream ,of the Yataaise River, 70.0 m south :of Kooku, s,akawa Town, Kechi Pvefec田
ture (Fig. lb). More than 50 samples were collected from the road cutting. Most of 
them and samples from several other localities within the Naradani Formation yield the 
three species described in this paper. Because the sample (D四32)contains the best 
preserved radiolarian tests among them, the specific description is based on that sample. 
It "is dark gray siliceous mudsto,ne. In thin sections, it consists mainly of clay to fine-
silt sized particles such as mica, probably quartz and feldspar, and contains coarse圃silt
and fine-sand sized angular grains of quartz, feldspar, biotite and other micaceous min-
erals. Radiolarian tests occupy about 10~/o in volume. 
Preparation method': Sample was treated in the same manner as given in MATSUOKA 
(1982a). 
Register and Depository: Type and figured specimens are registered and deposited 
in the Department of Geosciences, Osaka City University. In the systematic description 
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and explanation of plates, the OCU MR number is the register number of the specimens 
in that Department. The number following D-32 indicates the sliae number and posi-
tion of the specimen on slide or in the case of metal-coated material for SEM, the number 
of the metal stab and position on the stab. In the explanation of plates, the number in 
parentheses indicates the reference number of photograph. 
Systematic Paleontology 
Subclass Radiolaria MOLLER 1858 
Superorder Polycystina EHRENBERG 1838, emend. RIEDEL 1967・
Order Nassellaria EHRENBERG 1875 
Remarks: The genera dealt with in this paper are not assigned to families because 
classification of the family level is at present not adequately settled. 
Genus Stichocapsa HAECKEL 1881 
St幼 ocapsanaradaniensis MATSUOKA, n. sp. 
(Pl. 1, Figs. 1-5, Pl. 2, Figs. 1-6) 
?1974 Theocorys antiqua SQUINABOL - RIEDEL & SANFILIPPO, pl. 10, fig. 11, non pl. 10, figs. 
9-10. 
1982 Stichocapsa sp. C -YAO et al., pl. 4, figs. 15-16. 
1982b St幼 ocapsasp. c -MATSUOKA, pl. 3, fig. 6. 
1983 Stichocapsa sp. C - YAO, fig. 3-12. 
Desc1ψtion: Shell of four segments, oval, thin田walled. Cephalis small, spherical 
internally組 dpartly encased in thoracic cavity. Collar stricture slightly recognizable 
or indistinct externally. Thorax and abdomen together truncate conical. Abdomen 
higher than thorax. Fourth segment truncate spherical with a constricted aperture which 
is covered with a very small basal appendage in well preserved specimens. Junction 
between abdomen and fourth segment slightly constricted in some specimens. Outer 
surface of shell ornamented mainly with longitudinal plicae and in many specimens with 
transverse ridges connecting adjacent two longitudinal plicae. One row of pores present 
between neighboring two longitudinal plicae; where transverse ridges are present, pores 
are recessed in tetragonal frames formed by longitudinal plicae and transverse ridges. 
Pores small, circular and uniform in size. 
Measurements (in μm, based on 11 specimens): Total height, 115-132 (mean, 124); 
maximum width of shell, 70-85 (mean, 79); diameter of cephalis, 13-17 (mean, 14); 
height of thorax, 15-25 (mean, 20); of abdomen, 27-35 (mean, 29); of fourth segment, 
45-65 (mean, 55). 
Remarks: Ornament of outer shell surface varies among specimens. Most speci-
mens possess longitudinal plicae and weaker transverse ridges which form tetragonal 
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frames. Some possess only longitudinal plicae, lacking transverse ridges. In some 
others, longitudinal plicae are somewhat irregularly arranged (pl. 1, fig, ..1 ). Size of basal 
appendage varies among specimens. l¥1ost specimens have a small vestigal appendage, 
while some specimens possess a larger dish-like one (pl. 2, figs. Sa-Sb). 
This species is similar to Dたoゐcap~a conexa MATS'UOKA (1983, p. 20-22, pl. 3, figs. 
3-7; pl. 7, figs. 11-14) in ornamentation of outer shell surface, but differs from the latter 
in consisting of four segments. Also it differs from Cyrtocapsa mastoidea YAO (1979, p. 
36-37, pl. 8, figs. 1-8) in lacking an apical horn and tubelike fi氏hsegment, and in possess田
ing ornamentation of outer shell surface. 
Type四ゆecimens: Holotype, OCU MR 2701 (pl. 2, figs. la, lb); Paratype, OCU MR 
2702 (pl. 2, figs. 2a, 2b ),OCU MR 2704 (pl. 2, figs. 4a, 4b ).
Stichocapsa robusta MATSUOKA, n. sp. 
(Pl. 1, Figs. 6-13, Pi. 2, Figs. 7-12) 
1982 Stichocapsa convexa YAO -AITA, pl. 1, figs. 6-7b. 
1982 Stichocapsa sp. - SATO et al., pl. 4, fig. 1. 
Desc1ψtion: Shell of four segments, drop圃likeshaped. Cephalis spherical internal-
ly, poreless. Thorax and abdomen together truncate conical. Fourth segment large, 
truncate spherical to truncate oval. Joint between segments indistinct externally. Aper-
ture circular, small but larger than pores on shell and surrounded by flat poreless area. 
Shell thick, porous. Pores diagonally arranged, densely spaced and tapering internally. 
One circular depression present near the junction between thorax and abdomen. 
Measurements (in μm, based on 14 specimens): Total height, 183-230 (mean, 195); 
maximum width of shell, 112-160 (mean, 132); diameter of cephalis, 18-22 (mean, 19); 
height of thorax, 20-25 (mean, 23); o.f .abdomen, 2・5-310 (mean, 27); of fourth. segment, 
125-160 (mean, 136). 
Remarks: One depression near the junction between thorax and abdomen may be 
a sutural pore. It is not clear whether other forms・ assigned to Stichocapsa possess such 
a depression or not. This species is very similar to St化hocapsaconvexa YAO (1979, p. 
35-36, pl. 5, figs. 14-16; pl .6, figs. 1-7) in external shape and proportion of the segments, 
but differs from the latter in its thick wall and internally tapering pores. It is distinguished 
from Theocorys renzae S・cHAAF (1981, p. 440, pi. 5, figs. 13a・13c;pl. 27, figs. la-1 b) by 
lacking protruding rim around aperture. 
Type－ψecimens: Holotype, OCU MR 2712 (pl. 2, figs. 7a, 7b); Paratype, OCU MR 
2713 (pl. 2, fig. 8), OCU MR 2715 (pl. 2, figs. lOa, lOb ).
Cyrtocapsa sp. A 
(Pl. 1, Figs. 14--17, Pl. 2, Figs. 13-16) 
1982 Cyrtocapsa ( ?)a伍 kisoensisYAO - YAO et al., pl. 4, fig. 13. 
Late Jurassic Foitr-Segmented Nassellarians 
1982b Cyrtocapsa ( ?)af. kisoensis YAO - MATSUOKA, pl. 3, fig. 13. 
1982 Cyrtocapsa ( ?)sp. A -AITA, pl. 2, figs. 6-7b. 
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Des er砂tion: Shell of four segments, spindle-shaped and thin-walled. Cephalis 
spherical internally with a very small apical horn and partly encased in thoracic cavity. 
Thorax truncate conical. Abdomen cylindrical or barrel-shaped. Fourth segment in-
verse conical with a small constricted aperture. Outer surface of sel ornamented with 
weak ridges which are longitudinally or irregularly arranged. Pores very small, circular 
and recessed in frames surro.unded by ridges. 
Remarks: This species is very similar to Cyrtocapsa ( ?)kisoensis YAO (1979, p. 37-
38, pl. 8, figs. 9-16) and Cyrtocapsa sp. D (MATSUOKA, 1983, p. 24, pl. 9, figs. 10-11) in 
number of segments, external shape and proportion of the segments, but differs from 
them in. its very small apical horn and pattern of ornamentation on outer shell surface. 
This species is rare in the sample studied. Therefore specific name is not proposed 
here pending more comprehensive observation of additional specimens. 
Discussion 
MATSUOKA & YAO (1981) proposed Gongylothorax sp. C-St幼 ocapsasp. C As-
semblage from the Sakawa area, Kochi Prefecture as one of Late Jurassic radiolarian 
assemblages. At that ime, this assemblage was divided into two subassemblages, namely 
Gongylothorax sp. C and Stichocapsa sp. C Subassemblages. Gongylothorax sp. C was 
subsequently described as Gongylothorax sakawaenゆ MATSUOKA(MATSUOKA, 1982a), 
while Stichocapsa sp. C is named as Stichocapsa naradaniensis MATSUOKA n. sp. in this 
paper. MATSUOKA (l 982b) made an assemblage analysis of radiolarians on several con噛
tinuous sequences in the Sakawa and Niyodo areas, Kochi Prefecture and revealed strati-
graphic relationship among Middle and Upper Jurassic radiolarian assemblage-zones. 
In that study, it was presumed that the St幼 ocapsanaradaniensis ( =S. sp. C) Subas-
semblage-zone was younger than the Gongylothorax sakawaensis Subassemblage四zoneon 
the basis of comparison of fauna! composition, though stratigraphic relationship of the 
two subassemblage圃zoneswas not directly clarified. 
Quite recently I discovered a stratigraphic section in the Sakawa area covering a 
long time interval (Middle to Late Jurassic) within which the two subassemblage-zones 
were identified. As presumed previously, Gongylothorax sakawaensis Subぉsemblage-
zone is located stratigraphically above St幼 ocapsanaradaniensis ( =S. sp. C) Subas-
semblage-zone (MATSUOKA, 1984 ). Detailed study on this section will be reported else-
where in the near future. 
Late Jurassic samples in this area contain more than 100 radiolarian species. Many 
of them have not been described as yet and their ranges are not definitly clarified at the 
present time. Here, characteristic and important species for recognition of Gongylothorax 
sakawaensis-S改hocapsanaradaniensis Assemblage are listed in Table 1. The lower 
limit of this assemblage-zone was discussed in MATSUOKA (1982a). It was shown that the 
first appearance of G. sakawaensis M., Stylocapsa( ？）φiralis M. and S砂locapsacatenarum 
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Table 1. List of characteristic ~pecies of Gongylethorax sakawaensisー
Stたhocapsanaradani，仰の Assemblage.。；l abundant, 0; 
common，ム； rare,b1la,n,k; ~ot found. 
1 
S1PECIES 
?????????????? Stichocapsa 
naradan1ensis 
SubasseMblage 
?
?
??
??
??
??
Gongylothorax sakawaensis MATSUOKA 
Stljloca_osa (?) spiral is 地 TSUOKA
Stylocapsa catenarum t1ATSUOKA 
Styloc~psa tecta MATSUOKA 
Dicoloca1フsaconoformis MATSNOKA 
Tricolioca'psa co,nexa・ t1ATS1NOKA 
?
??
Stichocapsa naradaniensis n. sp. t仏TSUOKA
Stichoca.osa robusta n. sp. t1ATSUOKA ③ 
Cyrtocapsa sp. A (in this paper) 
」
C日rtocapsasp. D (in t1ATSUOKA, 1983) 
??
I: Eucyrti di um（？）山山肌＆ SANF山 O
Hsuum rηaxwelli PESSAGNO 
。
。
’E 
M. which are diagnostic species of this as・s:emhlag1e isp・robahly early Laite Ju~assic in age. 
On the other hand, concerning the upper limit, Hsuum maxwelli P!ESSAGNO and Eucy,rti-
dium( ?) ptyctum RIEDEL & SANFILIPPO can be taken up for age assignment among species 
listed in Table 3. According to PESSAGNO (1977), H. maxwelli and E.( ?) ptyctum make 
their final appearance within lower Tithonian. Also BAUMGARTNER et al. (1980) showed 
that E.( ?) pかctumbecame extinct within Tithonian. In the Sakawa area the two species 
range up into the next younger zone characterized by Tricolocapsa sp. 0 (in YAO et al., 
1982). Judging from the above-mentioned association, it is suggested that the Gongy-
lothorax sakawaensis-Stichocapsa naradaniensis Assemblage-zone、isa,ssigned to lower 
half of Up1per Jurassic. 
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Figs. 1-5. Stich@capsa naradaniensis MATSUOKA, n. sp. ・l山・・ 1・…B・M ・.. ；・・・・ ＇• I •.Page 145 
． 
1. D'-32-69, 4/2 (2679) O'CUお1R2707 
2. D-32-69, 1/6 (2663) O'CU恥1R2708 
3. D・32-68,8/7 (2653) ocu R征R2709 
4. D-32-69, 3/6 (2670) OCU R征R2710
5. D-32-66, 10/1 (2546) OCU乱1R2711 
Figs. 6-13. Stichocapsa robusta MATSUOKA, n. sp. 
6. D-32-68, 3/5 (2639) OCU MR 2718 
7. D-32-67, 6/6 (2573) OCU MR 2719 
8. D-32-68, 7 /9(2658) OCU MR 2720 
9. D-32-69, 2/3 (2667) OCU MR 2721 
10. 0,-32-65, 6/'101 (2478) OC'U恥1!R2'122 
Note a circular depression. 
t:t. D-32-69, 2/4 (2666) OCU MR 2723 
Note a circular depression. 
12. D-32-68, 1 /3 (2633) OCU MR 2724 
0 blique basal view, showing a constricted aperture. 
13. D-32-68, 8/2 (2657) OCU MR 2725 
Broken specimen exposing internal structure of shell. 
Note internally tapering pores. 
Figs. 14-17. Cyrtocapsa sp. A 
14. D・-32-66, 2/8 (25'07) 
15. D,-3'2圃68,9 /16 (265t>) 
16. D・3'2-68,7 /9(2652) 
17. D-32-69, 4/5 (2677) 
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Explaaa“on of Plate 2 
Scal~=100μm 
Figs. 1-6. Stichocapsa naグαdaniensis恥1ATSUOKA，n. sp. ............................. .Page 145 
1. D-32-10， 92.8/43.8 (66-32， 33) OCU MR 2701 Holotype 
2. D-32-11， 84.5/35 (67-1， 2) OCU MR 2702 Paratype 
3. D・32-10，92/37.2 (67-15) OCU MR 2703 
4. D-32-11， 83.5/37.2 (67-7，8) OCU MR 2704 Paratype 
5. D-32-9， 100/51.8 (67-34， 35) OCU MR 2705 
6. D・32・9，104.2/46.5 (67-31) OCU酌1:R2706 
Figs. 7-12. Stichocapsa robusta乱1ATSUOKA，n. sp. .................................. ..Page 146 
7. D-32-10， 84.2/42 (67四27，28) OCU MR 2712 Holotype 
8. D・32-12，98/31.5 (66固め OCU MR 2713 Paratype 
9. D・32-11，102/27.2 (66-17) OCU MR 2714 
10. D-32-11， 96.2141.2 (6ふ25，26) OCU MR 2715 Paratype 
11. D-32-9， 103/27.8 (67・33) OCU MR 2716 
12. D・3'2-11，88/46.5 (66/37) OCU MR 2717 
Figs. 13-16. Cyrtocapsa sp. A .. ... ......... .................................Page 146 
13. D・32-12，82/40.5 (66・14，15) 
14. D-32-11， 94.3/41.5 (6ふ30)
15. D・32-8，83/31.5 (67・36)
16. D・32圃 12，98/40.5 (66帽4，5) 
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